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DETERMINATION OF BIAXIAL CREEP 
STXXKGTH OF T-111 TANTALUM ALLOY 
I .  IiiTROEUCT I ON 
T h i s  r e p o r t  cove r s  t h e  pe r iod  from March 8 ,  1967 t o  September 8, 1967, 
of a program t o  document t h e  c r e e p  behavior of seamless and welded and reworked 
T-111 a l l o y  tub ing  under a b i a x i a l  s t a t e  of stress, and t o  e v a l u a t e  t h e  e f f e c t s  
of stress on t h e  c o r r o s i o n  behavior of T-111 a l l o y  w i t h  potassium. Potassium 
r e f l u x i n g  capsu le s  of seamless and weldec! and reworked T-ill a l l o y  tub ing  are 
t o  be t e s t e d  under c o n d i t i o n s  which w i l l  r e s u l t  i n  one t o  f i v e  percent  equiv-  
a l e n t  u n i a x i a l  s t r a i n  du r ing  a 5000-hour exposure .  I t  i s  a n t i c i p a t e d  t h a t  
t h e  c a p s u l e  t es t  tempera ture  w i l l  be i n  t h e  range of 2100' t o  2400'F. The 
c a p s u l e  w a l l s  w i l l  be reduced i n  t h e  potassium l i q u i d  r eg ion  and i n  t h e  ' 
vapor condensing r e g i o n  t o  provide gauge s e c t i o n s  where t h e  e x t e n t  of c r e e p  
can be measured. The t e s t i n g  w i l l  be done i n  a manner s i m i l a r  t o  t h a t  
developed under a n  ea r l i e r  NASA c o n t r a c t  (NAS 3-6012). 
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11. SUMMARY 
An o r d e r  f o r  seamless and welded and reworked 1 .5- inch  OD x 0.100-inch 
wa l l  T-111 a l l o y  t u b i n g  from which the  c a p s u l e s  w i l l  be f a b r i c a t e d  w a s  
placed w i t h  t h e  Supe r io r  Tube Company. Del ivery  of t h e  seamless and welded 
End rewcrked 1.5-inch OD x 3.100-inch w a l l  T-111 a l l o y  tub ing  i s  scheduled 
f o r  January 8, 1968. 
Minor des ign  changes i n  t h e  test  f a c i l i t y  which w i l l  be used f o r  t h i s  
program and which was previous ly  used f o r  NASA Cont rac t  NAS 3-6012 have been 
completed. 
The d e t a i l e d  des ign  of t h e  potassium p r e s s u r e  t r ansduce r  t o  be used t o  
measure t h e  potassium p r e s s u r e  i n  t h e  r e f l u x i n g  capsu le s  dur ing  t e s t i n g  w a s  
completed and approved by t h e  NASA Program Manager; inachining of t h e  com- 
ponents has  been completed and assembly of t h e  p r e s s u r e  t r a n s d u c e r  i s  now 
underway. 
An e r r o r  a n a l y s i s  of t h e  test  f a c i l i t y  and t h e  s t r e s s - s t r a i n  r e l a t i o n -  
s h i p s  u t i l i z e d  i n  c a l c u l a t i n g  equ iva len t  u n i a x i a l  va lues  from b i a x i a l  d a t a  
has been completed. 
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111. PROGRAM STATUS 
MATERIALS PROCUREMENT 
An o r d e r  f o r  4 8 . i n c h e s  of 1.5-inch OD x 0.100-inch w a l l  seamless and 
welded and reworked T-111 a l l o y  tub ing  w a s  p laced  w i t h  t h e  Super ior  Tube 
Company, Norristown, Pennsylvania .  Both t h e  seamless and welded and 
re;:.crke:! T - l l l  a l l z y  tubizg  ill be made f r m  t h e  same heat af T - I l l  a l l a y .  
The seamless tub ing  w i l l  be made u t i l i z i n g  s t anda rd  tube  reducing  t e c h n i q u e s .  
The welded and reworked tub ing  w i l l  be made by making an  e l e c t r o n  beam weld 
pass  along t h e  e n t i r e  l e n g t h  of t h e  seamless 2.0-inch OD x 0,250-inch t h i c k  
w a l l  t ube  s h e l l  p r i o r  t o  r e d u c t i o n  t o  f i n a l  s i z e .  Subsequently,  t h e  weld 
w i l l  be c lear ly  marked, benched, and u l t r a s o n i c a l l y  i n s p e c t e d .  The i n s i d e  
of bo th  t u b e  s h e l l s  w i l l  t h e n  be honed t o  a s u r f a c e  f i n i s h  of less t h a n  1 6  
r m s  by D e t r o i t  Diameters, South H i l l s ,  Michigan. A f t e r  honing, t h e  welded 
tube  s h e l l  w i l l  be reduced t o  f i n a l  s i z e  i n  t h e  same manner and a t  t h e  same 
t i m e  as t h e  seamless t u b i n g .  Delivery of t h e  2.0-inch OD x 0.250-inch wa l l  
T-111 a l l o y  tube  s h e l l s  t o  t h e  General Electric Company, SPPS f o r  welding 
and honing p r i o r  t o  t h e  f i n a l  r educ t ion  i s  scheduled f o r  October 2 ,  1967. 
The d e l i v e r y  of t h e  f i n i s h e d  tub ing  from Super ior  Tube Company i s  scheduled 
f o r  January  8, 1968. 
TEST FACILITY 
The same test f a c i l i t y  as w a s  used f o r  t e s t i n g  capsu le s  made from D-43 
a l l o y  on NASA Cont rac t  NAS 3-6012 (’) 
T-111 a l l o y  c a p s u l e s ,  F igu res  1 through 3 .  Minor des ign  changes i n  t h e  
f a c i l i t y  have been completed t o  a l l o w  f o r  i n s t a l l a t i o n  of a potassium p res -  
s u r e  t r a n s d u c e r  which w i l l  be a t t ached  t o  t h e  T-111 a l l o y  c a p s u l e .  A 
p r e s s u r e  t r a n s d u c e r ,  t o  measure t h e  potassium p r e s s u r e  w i t h i n  t h e  capsu le ,  
was not  used on t h e  p rev ious ly  t e s t e d  D-43 a l l o y  c a p s u l e s .  
w i l l  be used f o r  t h e  t e s t i n g  of t h e  
F a b r i c a t i o n  of t h e  modified tes t  f a c i l i t y  hardware has been completed 
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Figure 1. Schematic Arrangement Utilized for Measuring Biaxially Induced 
Creep in the Thin-Wall Sections of D-43 Alloy Reflux Corrosion 
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Figure  3 .  Test  F a c i l i t y  Ut i l i zed  t o  Measure B i a x i a l l y  Induced Creep i n  
D-43 Alloy Reflux Corrosion Capsules on NASA Contract  NAS 3-6012. 
C1290-3 
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POTASSIUM PRESSURE TRANSDUCER 
The d e s i g n  of t h e  potassium p res su re  t r a n s d u c e r  t o  be used for measuring 
t h e  potass ium p r e s s u r e  wi th in  t h e  capsule  du r ing  t e s t i n g  is  ve ry  s imilar  t o  
t h e  d e s i g n  of t h e  p r e s s u r e  t ransducer  used by t h e  U .  S.  Naval Research 
Laboratory 
t empera tu re .  The d e t a i l e d  des ign  of t h e  p r e s s u r e  t r a n s d u c e r  has been com- 
p l e t e d  and has been r ece ived  and approved by t h e  NASA Prsgram ivianager and 
personnel  from t h e  U .  S.  Naval Research Labora tory .  
t o  de te rmine  t h e  vapor p r e s s u r e  of potassium as a f u n c t i o n  of (2 1 
The p r e s s u r e  t r a n s d u c e r  des ign  is  shown i n  F igure  4 .  A schematic of 
t h e  p r e s s u r e  s y s t e m  t o  be used w i t h  t h e  p re s su re  t r a n s d u c e r  i s  shown i n  
F igure  5 .  The p r e s s u r e  t r a n s d u c e r  works on a manual nu l l -ba l ance  p r i n c i p l e  
w i t h  h igh  p u r i t y  argon gas  p r e s s u r e  being a p p l i e d  t o  one s i d e  of t h e  t r a n s -  
ducer  diaphragm and opposing t h e  vapor p r e s s u r e  of t h e  potassium which 
e x e r t s  a f o r c e  on t h e  o p p o s i t e  s i d e  of t h e  p r e s s u r e  t r a n s d u c e r  diaphragm. By 
p r e - s e t t i n g  t h e  t e r m i n a l  i n  con tac t  w i th  t h e  diaphragm such t h a t  when t h e  
p r e s s u r e  on one s i d e  of t h e  diaphragm is  i n  ba lance  w i t h  t h e  opposing p r e s s u r e  
on t h e  o t h e r  s i d e  of t h e  diaphragm, the  c o n t a c t  i s  s l i g h t l y  open. The open 
c i r c u i t  can  be used t o  i n d i c a t e  when t h e  argon p res su re  j u s t  e q u a l s  t h e  
potassium vapor p r e s s u r e  i n  t h e  test c a p s u l e .  Measurement of t h e  a rgon  
p r e s s u r e  wi th  an  a c c u r a t e  p re s su re  gauge i s  a d i r e c t  i n d i c a t i o n  of t h e  
potassium vapor p r e s s u r e  on t h e  opposing s i d e  of t h e  diaphragm and, t h e r e f o r e ,  
w i t h i n  t h e  test  c a p s u l e .  The argon gas p r e s s u r e  i s  c o n t r o l l e d  wi th  two Hoke 
needle  v a l v e s  (Model TY445), one t o  allow argon t o  e n t e r  t h e  sys t em,  aiid i n e  
second t o  a l low argon t o  b leed  off i n t o  a vacuum. The t o t a l  volume of t h e  
g a s  system i s  inc reased  by adding a o n e - l i t e r  p r e s s u r e  c y l i n d e r  i n  o r d e r  t o  
provide  g r e a t e r  c o n t r o l  i n  making small manual p r e s s u r e  ad jus tmen t s .  
F igu re  6 i l l u s t r a t e s  t h e  test capsule  des ign ,  which i s  s imilar  t o  t h a t  
p rev ious ly  u t i l i z e d  under NASA Contract NAS 3-6012, wi th  t h e  p re s su re  t r a n s -  
ducer  i n  p l a c e .  Machining of t h e  p re s su re  t r a n s d u c e r  components a t  P r e c i s i o n  
Mechanics, I n c . ,  Newtown, Ohio has been completed, F igure  7,and t h e  assembly 





































































































































Figure 6 .  T-111 Alloy Biaxial  Creep Capsule Design Showing 
Location Of Press’are Transducer. 
Cl290-5 
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An e r r o r  a n a l y s i s  t o  determine t h e  a n t i c i p a t e d  accuracy of t h e  c r e e p  
d a t a  which w i l l  be obta ined  from both t h e  u n i a x i a l  and b i a x i a l  c r e e p  tests 
on t h e  T-111 a l l o y  t u b i n g  has  been completed. Th i s  a n a l y s i s  w i l l  a l l ow a 
more r ea l i s t i c  e v a l u a t i o n  Of any observed d i f f e r e n c e s  between t h e  u n i a x i a l  
and b i a x i a l  c r e e p  p r o p e r t i e s  of t h e  T-111 a l l o y .  It a l s o  i n d i c a t e s  which 
parameters c o n t r i b u t e  most s i g n i f i c a n t l y  t o  the recr?ltlr?g creep data aiid, 
t h e r e f o r e ,  which parameter should be determined as accurately a s  p o s s i b l e .  
The a c t u a l  u n i a x i a l  and b i a x i a l  test  d a t a  are compared by computing 
e f f e c t i v e  or equ iva len t  u n i a x i a l  s t r e s s - s t r a i n  d a t a  from t h e  b i a x i a l  test 
r e s u l t s  based on the  von Mises theory of y i e l d i n g  as a p p l i e d  t o  p r e s s u r i z e d  
tubes  by C .  R .  Soderberg (3)  . 
are i s o t r o p y  and constancy of volume dur ing  s t r a i n i n g  i n  t h e  material of 
i n t e r e s t .  The e q u i v a l e n t  u n i a x i a l  da t a  computed from t h e  b i a x i a l  test  
r e s u l t s  are t h e n  compared d i r e c t l y  with t h e  a c t u a l  u n i a x i a l  test r e s u l t s .  
I n  t h i s  p a r t i c u l a r  program, the e f f e c t i v e  stress l e v e l s  i n  both  t he  u n i a x i a l  
and b i a x i a l  tests w i l l  be t h e  same s o  t h a t  s t r a i n  is  the  only v a r i a b l e .  The 
remaining two parameters  of t i m e  and tempera ture  which are necessary  f o r  
d e s c r i b i n g  t h e  c r e e p  p r o p e r t i e s  of a material are measured d i r e c t l y  d u r i n g  
both  t h e  u n i a x i a l  and b i a x i a l  tests. There fo re ,  t o  o b t a i n  a n  a c c u r a t e  com- 
p a r i s o n  of t h e  u n i a x i a l  and b i a x i a l  s t r e s s - s t r a i n  d a t a  t h e  tests must be 
conducted a t  s imilar  t i m e s  and tempera tures .  
The bas i c  assumptions of t h e  von Mises t h e o r y  
The theoretical effective or eqiiivaient u n i a x i a i  stress for t h e  b i a x i a l l y  
s t r e s s e d *  T-111 a l l o y  test capsu le  can be determined by t h e  fo l lowing  equa- 
t i o n  (4.) . 
* Although t h e  c a p s u l e  i s  a c t u a l l y  being t r i a x i a l l y  s t r e s s e d ,  the  r a d i a l  
stresses are q u i t e  s m a l l  and are, t h e r e f o r e ,  neg lec t ed  f o r  s i m p l i f i c a t i o n .  
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where 
67' e = e f f e c t i v e  u n i a x i a l  stress f o r  t h e  b i a x i a l l y  stressed 
tes t  c a p s u l e  
p = a b s o l u t e  i n t e r n a l  p r e s s u r e  of capsu le  
r = mean c a p s u l e  r a d i u s  
t = capsu le  ivall t h i c k n e s s  i n  gauge s e c t i o n  
The e f f e c t i v e  u n i a x i a l  s t r a i n  f o r  t h e  b i a x i a l l y  s t r a i n e d  c a p s u l e  c a n  he 
(4) . 
computed us ing  t h e  equa t ion  
27/? p r  i 1-t 
(L' = -v--3i Ad - - 
\ e 3r 3tE 
where, 
ce = e f f e c t i v e  u n i a x i a l  s t r a i n  f o r  the  b i a x i a l l y  sti-aiiieci 
A d  = change i n  capsule  d i ame te r  i n  gauge s e c t i o n  f o r  some 
test capsu le  
i n t e r v a l  of t i m e  . 
r = mean capsu le  r a d i u s  
p = a b s o l u t e  i n t e r n a l  p r e s s u r e  of capsu le  
p = P o i s s o n ' s  R a t i o  f o r  m a t e r i a l  being tes ted 
t = capsu le  wa l l  t h i c k n e s s  i n  gauge s e c t i o n  
E = Young's modulus of e l a s t i c i t y  for m a t e r i a l  being t e s t e d  
The s t r e s s - s t r a i n  d a t a  f o r  t h e  u n i a x i a l  tests are determined q u i t e  simply 
w i t h  t h e  u n i a x i a l  stress being determined from: 
F G= (3) 
where 
J 0 = u n i a x i a l  stress 
F = t o t a l  load  
A = c r o s s - s e c t i o n a l  a r e a  of specimen i n  gauge l e n g t h ;  
and t h e  u n i a x i a l  s t r a i n  i s  determined f rom:  
AL c =  -y- 
where 
f = u n i a x i a l  s t r a i n  
AL = change i n  gauge l e n g t h  f o r  some i n t e r v a l  of t i m e  
L = gauge l e n g t h .  
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( 5 )  Based on c r e e p  p r o p e r t i e s  repor ted  by TRW Equipment Labora to r i e s  
f o r  T-111  a l l o y ,  a set of hypo the t i ca l  test c o n d i t i o n s  have been s e l e c t e d  
f o r  t h e  b i a x i a l l y  s t r e s s e d  tes t  c a p s u l e  which w i l l  r e s u l t  i n  an e q u i v a l e n t  
u n i a x i a l  creep of one-percent i n  5000 hour s .  These c o n d i t i o n s  w i l l  be 
u t i l i z e d  t o  c a l c u l a t e  t h e  a n t i c i p a t e d  e r r o r  i n  t h e  s t r e s s - s t r a i n  d a t a  t o  
be determined i n  t h i s  program. The h y p o t h e t i c a l  test c o n d i t i o n s  and o t h e r  
necessary  T-111 a l l o y  p rope r ty  d a t a  along w i t h  t h e i r  r e s p e c t i v e  a n t i c i p a t e d  
e r r o r s  a r e  g iven  i n  Table  I .  Using t h e  d a t a  i n  Table I and equa t ions  1, 2 ,  
3, and 4,  t h e  i n d i v i d u a l  and combined e f f e c t s  of t h e  va r ious  parameter 
e r r o r s  on the accuracy Of t h e  equiva len t  u n i a x i a l  and a c t u a l  u n i a x i a l  
s t r e s s - s t r a i n  d a t a  were computed. T h e s e  e f f e c t s  are shown i n  Table 11. 
I t  i s  obvious from t h e  d a t a  i n  Table I1 t h a t  t h e  use  of a p res su re  t r a n s -  
ducer  on t h e  test capsu le  t o  determine t h e  potassium vapor p re s su re  (p>  
s i g n i f i c a n t l y  reduces  t h e  p o s s i b l e  e r r o r  i n  de te rmining  t h e  equ iva len t  
u n i a x i a l  stress 6)  i n  t h e  c a p s u l e .  
s u l e  w a l l  t h i c k n e s s  ( t )  i n  t h e  gauge s e c t i o n  should be performed i n  an 
a t tempt  t o  reduce t h e  e r r o r  in t roduced  by t h i s  measurement i n  t h e  e q u i v a l e n t  
u n i a x i a l - s t r e s s  d a t a .  The accuracy of t h e  e q u i v a l e n t  u n i a x i a l  s t r a i n  (E ) i s  
g r e a t l y  dependent on t h e  accuracy of t h e  measured d iameter  change (nd) dur ing  
t e s t i n g  and, t h e r e f o r e ,  t h e  d iameter  change should be measured a s  a c c u r a t e l y  
as  p o s s i b l e .  The e r r o r  in t roduced  by t h e  c r o s s - s e c t i o n a l  a r e a  i n  de te rmining  
t h e  u n i a x i a l  stress <G> i s  caused by t h e  small c r o s s - - s e c t i o n a l  a r e a  of t h e  
u n i a x i a l  tes t  specimens combined w i t h  t h e  accuracy of measuring t h e  a r e a .  
Also a c c u r a t e  measurement of t h e  cap- 
e 
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TABLE I .  HYPOTHETICAL TEST CONDITIO S FOR 
BIMiALLk' CAFSum%) 
PARAMETER MEAK VALUE 
- 
'I'emperature 2215°F 
Potassium Vapor Pressure  268.6 p i a  
Mean Capsule Radius 0.660 i n .  
Capsule Diameter Change 
I n  5000 Hours 0.012 i n .  
Capsule Wall Thickness 0.020 i n .  
Po i s son ' s  Rat i o  0 . 3 5  
Young's Modulus (2215OF) 18 x 10 p s i  6 
T o t a l  Load f o r  Uniaxia l  T e s t  153.5 l b s .  
2 Cross - sec t iona l  Area of 
Uniaxia l  T e s t  Specimen 0.020 i n .  
Gauge Length of Uniaxia l  
T e s t  Spec imen 0.200 i n .  
Change I n  Gauge Length 





514.3 p s i a  
50.27 p s i a  
kO.001 i n .  
t0 .0015 i n .  
kO.001 i n .  
TO.  05 
52 x 10 p s i  
50.1 l b s .  
6 
2 +0.001 i n .  
50.00005 i n .  
A n  nnnnc . 
AV . W V V V J  i i i  . 
( a )Se lec t ed  t o  r e s u l t  i n  1% u n i a x i a l  c r eep  i n  5000 hour s .  
(b )Er ro r  when determined as a f u n c t i o n  of t empera tu re .  









T o t a l  E f f e c t  
FOR BIAXIAL TEST 
20.02 
f5 .26  
- 
(e 1 211 .OO(d), 25.50 
























(a)Given i n  Table  I .  
(b )Ca lcu la t ed  u s i n g  equa t ion  (l), 6 e  (average)  = 7676 p s i .  
(C)Ca lcu la t ed  us ing  equa t ion  (2) ,  f e  (average)  = 0.01 i n . / i n .  
~~ 
Based on p r e s s u r e  being determined from tempera ture .  
Based on p r e s s u r e  being determined from p r e s s u r e  t r a n s d u c e r .  
C a l c u l a t e d  u s i n g  equa t ion  (3) ,  G a v e r a g e )  = 7676 p s i .  
(d )  
(e  1 
(f 1 
(g )Ca lcu la t ed  us ing  equa t ion  (4) ,  f (average)  = 0.01 i n . / i n .  
-16- 
IV. FUTURE PLANS 
A .  The 1.5- inch OD x 0.100-inch wall  T-111 a l l o y  t u b i n g  needed t o  make t h e  
capsu le s  w i l l  be r ece ived  and f a b r i c a t i o n  of t h e  t e s t  capsu le s  w i l l  be 
i n i t i a t e d .  
B. F a b r i c a t i o n  of t h e  p re s su re  t r ansduce r  w i l l  be completed and ca l i -  
I-." of t h e  transducer will be i n i t i a t e d .  
-17- 
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